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Abstract

We propose a new delay optimization technique using partial collapsing, that is extended from a previous
one which aims at reducing logic level in the technology independent circuits. Our approach collapses only nodes
in the cluster on the maximum critical path. It’s implemented on Varchsyn (logic synthesis system), and the
experiment shows the maximum delays of the circuits synthesized with this technique are improved on average
6%(max 36%) better than the conventional timing optimization sequence. In comparison with applying it to
technology independent circuits, the maximum delays can be reduced efficiently when applying it to technology

dependent circuits. Furthermore, we achieve a much better result when applying it both before and after
technology mapping.
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SIZE BEST CRIT
indep. | dep. | indep. [ dep. | Iindep. | dep.
Bxpl 816] 825 (1.01)] B02 (0.98)] 880 (1.08)] 847 (1.04)] 825 (1.01)] 817 (1.00
osym 14011171 (0.84)1302 (0.93)l1192 (0.85)1278 (0.91){1192 (0.85)1278 (0.91
bw 655 681 (1.04)] 665 (1.01)] 680 (1.04) 684 (1.04)] 723 (1.10) 665 (1.01

duke2 111
f2 42

036 (0.93)| 947 (0.85)1036 (0.93)[1044 (0.93)1015 (0.91 Y1003 (0.90
424 (1.00)| 342 (0.81)] 424 (1.00)| 367 (0.87) 424 (1.00)| 364 (0.86)

-d53 760] 778 (1.02)| 749 (0.99)| 778 (1.02)| 655 (0.86)| 760 (1.00) 655 (0.86)
Ird73 1024] 875 (0.85)] 895 (0.87)| 875 (0.85) 951 (0.93)| 875 (0.85)[1024 (1.00
ka0l 1095}1034 (0.94)1061 (0.97)[1034 (0.94)}1042 (0.95)(1034 (0.94)1095 (1.00
ko2 914] 881 (0.96) 890 (0.97)| 881 (0.96)] 890 (0.97)] 866 (0.95) 883 (0.97,

2 822 822 (1.00)| 746 (0.91)] 711 (0.86) 776 (0.94)] 774 (0.94) 806 (0.98
‘g—mw 0.96 0.93 0.95 0.94 0.94 0.95
[ EEEFE ] 1.0 1.29 .11 1.1§ 1.09 1.2]]
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Fxpl 816 825 (1.01)] 877 (1.07) 880 (1.08)] 752 (0.92) 825 (1.01) 791 (0.97)
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rd53 760 760 (1.00)| 673 (0.89) 760 (1.00)| 748 (0.98) 760 (1.00) 748 (0.98
kd73 1024]1024 (1.00) 917 (0.90)}1024 (1.00} 912 (0.89)1024 (1.00) 896 (0.88:
kaol 1095[1049 (0.96)1034 (0.94)}1049 (0.96)1063 (0.97)1049 (0.96)1063 (0.97
bao2 914 881 (0.96)] 901 (0.99) 873 (0.95) 901 (0.99) 866 (0.95) 797 (0.87
g2 829 822 (1.00) 825 (1.00) 711 (0.86) 825 (1.00) 774 (0.94) 825 (1.00
| BERFE 0.99 0.94 0.9§ 0.95 0.9§ 0.94

[EE ] 1.0]] 1.27 1.01] 1.29 0.99 1.19

B 2250 3THER6M). 72 / 0 VEKFEDREL,
BRT36.2% O EIESIRAITEET, 5E6.2% BELE
(T2 (BEFEL 25 b0k 37 Fh 6 /H), SR
L2 LBICEHRCHNTH 52 L2505, EHT
72/ a VMO, 5.2% OEEER. 2.9% O
B, 41.9% OMBRFREME 20, 72/ aVIKED
B, 6.4% OBIEKIR. 12.4% OERHEN. 15.9% ok
HEEEEME 22, F2./0Y B L, o0
VERE TRV FFBIESRA T TH b, cOBEF L
LT, 72/ uVERBEOEFERICIT Ty Vv 7%
RT3 oS Tk-0sEIORSE, -V
Vasy I rRBERLLEP ol b DL DB RBE
iz, "—vxvasy 7Y v 7k o TRIBRBERIE
b, EOBTIT2 ) BEXEFEYD £ (@dkdo
el lHEIZOND, 72, 77/ uIEEQFLE
Bl 25 BRI, MYOEEI D DR PR
FRIGEL 227208 x vasy 7Y v JBROEE
BHEFERCBVTREORMS D% BRI A %
ATl Fr/ouVHIOER—2D ) — FASkE L,
PIGATFA X RELBRELRT VDI Y TV
ZICHERPP LI L BELOND,
N=xVaSy 7y v 7 OFEEEPEEL, &
KCEVIYFAANNRRALEDZ SRS S ATY TV
FLUTHILFALERY LEBOSREOFEY 2 E 40 3B
HABBRRT. BARATy sBM0b0ba0T, &
(10) TRIE T 2, HL, BAAAT vy 7SO LET 2

72, slack(c); 32 I A9 cDAT v 7 %%0 TFO T
B IBHOMIRIDATI v 7 LHhSVEXEFDOH
TRFOAG Y 7I2% b, ) ThVEF0 LT5,
TR, RIOF—FERLTHB, FHTF /1
VMY OBE. BIESIR 4.3%, RN 3.4%. N
M 43.5% BMe %0, 72/ a VEEOSES. BENR
5.4%. M 22.1%. MEEE 23.3% HiNL 25 72,
T2/ aVPBUOBFEIEFOEES. BRI VF4 A
WINADBATy T VT LIbDDEI BTRTHE
BRBWTRWER2BAZ L8025, ZKEETY
Bl 2b0E, BRIZVFAHMARRPHND /) — Foa
GovTyy LD )~ FHEHEL, BRI VFA AN
NALD)—F07 7 v7 Y b 8sHE L BENENT 5
BAEbNhHErhLEEZLNLS,
N=vxasy 7oy sy /0Py (FF &
TTERIYEVFERTWR QL TR) L5/ uY
WEOTL SV CEHA L ZBROEROTH 2 F40 5 8B
BIRART. BIEETVICZSOP ., Fke LTk BEST(2
HERE0.3) THW, BBR7— i, £30F—5 LA
LThb, 7.5% OEEHR, 14.0% OFERBEM. 11.5%
DUBREMENTH S, B4 2BREDF 2 ) u VK
DFE LD b bFHhIC 1.6% BEHEMT 525, 72/
OV, EKFEORDEE LY &5 ICBENBATET,
WMERF S RS Hve MEREIFEVOE, N—-v
259 7V iR EMBFEECOREOSKBIL
ZLRBIIGELERICES (-0 LEL LN S,



£ 3 FruVHY .vs.ﬁ;‘i?/ o JIEFE o)ﬁﬁﬁﬁ:ﬁt

circuit | AL 1/100ns ] TV TR sec. ]
| nopc | indep. | dep. [ nopc | indep. 1 dep. | nope | indep. dep.

Fxpl 167 (0.803) 230 (1.106)] 205.3 117.8 (0.574) 82.7 (0.403)
Bsym 101 (1.443) 93 (1.329) 21.1] 35.9 (1.701)] 34.0 (1.611
bw 276 (0.841) 272 (0.829)| 324.7 175.0 (0.539)( 208.8 (0.643
duke2 547 (1.083) 623 (1.234)( 396.7 458.0 (1.155) 369.7 (0.932,
F2 48 (1.455) 49 (1.485) 8.9 12.4(1.393) 9.3 (1.045
kds3 33 (0.971) 57 (1.676) 8.7 13.3 (1.529)] 20.0 (2.299
kd73 63 (1.260)] 55 (1.100)  21.§ 12.8 (0.593) 20.3 (0.940
kaol 87 (1.087) 83 (1.038)] 32.3 33.9 (1.050) 35.3 (1.093
Bao2 290 (1.086) 291 (1.090 216.0| 332.7 (1.540)] 172.2 (0.797)
vg2 165 (0.864)] 118.7] 178.8 (1.506) 110.5 (0.931
C1355 [[237 (1.382)| 2033. 895.3 (1.424
1908 684 (1.105) 670 (1.082 843.6 885.4 (1.050) 906.7 (1.075
C2670 1131 (1.194)[1191 (1.258)] 1560.1/1812.1 (1.162)2311.7 (1.482
IC432 350 (0.689) 507 (0.998 377.6 299.2 (0.792)] 414.4 (1.097
C499 584 (1.007) 646 (1.114)( 887.7] 914.5 (1.030)[1403.3 (1.581
lc880 475 (0.981) 618 (1.277)] 317.2 282.8 (0.892)| 457.5 (1.442
IC3540 1888 (1.024)] 2620.508445.5 (1.315)B3201.7 (1.222
C5315 4723.96608.3 (1.399)6059.6 (1.283

ADLT 9849.01031.5 (0.362)[1320.9 (0.464
IVHDL2 867.32011.7 (2.319)} 981.5 (1.132]
VHDL3 1357.81201.6 (0.885)[1690.6 (1.245
IVHDL4 035 (0.969) 524.61209.6 (2.306)[1166.9 (2.224

IVHDL5 17971778 (0.989)1776 (0.988)
VHDLG6 129711220 (0.941)1176 (0.907) 31
VHDL7 106411061 (0.997)1130 (1.062) 138!
1898 (0.935)11710 (0.843) 22
IVHDLS 19141914 (1.000)1914 (1.000) 22
b426 (1.000)2426 (1.000) 66

geso (1.000)] 451

860 (0.997) 66
IVHDL13 695 778 (1.119) 695 (1.000)] 19
31653 (0.957)1621 (0.938)] 97|
1236 (1.000)1246 (1.008) 36

332 (1.057
046 (0.756)(1112 (0.804) 2763.6 933.5 (0.338)R058.3 (0.745
218 (0.982) 260 (1.171) 157.9 107.5 (0.681) 210.0 (1.330)
220 (1.000) 220 (1.000) 62.7 60.3 (0.962) 59.9 (0.955
663 (1.000) 663 (1.000) 79.3 78.2 (0.986) 82.1 (1.035
451 (1.000) 451 (1.000) 727.9 726.2 (0.998) 723.0 (0.993)
611 (0.913) 451 (0.674) 398.9 278.8 (0.700)] 400.2 (1.005)
203 (1.046) 194 (1.000) 118.2 149.6 (1.266)] 121.0 (1.024)
847 (0.869) 966 (0.991) 620.7 564.1 (0.909) 767.5 (1.237)
368 (1.000) 393 (1.068) 87.0 85.5 (0.983) 132.1 (1.518)
IVHDL16 | 22601898 (0.840)1687 (0.746)  352| 372 (1.057) 442 (1.256) 203.9 458.5 (2.249)| 133.7 (0.656)|
HDL17 | 16641318 (0.792)1281 (0.770)  742| 862 (1.162) 879 (1.185) 117.9 727.7 (6.172)| 298.9 (2.535)
VHDL18 | 20021867 (0.933)1658 (0.828) 11521038 (0.901)1350 (1.172) 1231.6 902.4 (0.733)[1453.8 (1.180
IVHDL19 | 27141817 (0.669)[1732 (0.638) 494 518 (1.049) 759 (1.536) 252.31889.9 (7.491)] 181.4 (0.719)

1309.71391.3 (1.062)[1206.6 (0.921
157.6 207.9 (1.319)] 103.8 (0.659

385 (1.226)

FE I 0.948 0.936 I

1.029 1.124) T 1.419 1.159

# 4 BFHEOTYYEREILE
T [ BABERL

{ EBIL | ERME |
77 Ja VTR (KT U 7 4 AWIRK) 0.948 1.0‘7&1 1.419
72 ) O VEE (BKZ Y F 4 ANNRA) 0.936  1.124) 1.159

77 TV (F )T 4 ANVRRA)

0.957] 1.034] 1.435
0.946 1.221] 1.233

72 J O VR (2 U F 4 AVR) ’ . .
77/0 ~73ﬁi§ﬁﬁ BAT V7 4 HIVIA) 0.925] 1.140 1.115]

6 HbHIC

AT, 77/ udBy, KEOELLDO LNV
CHFETRL S~y VAT Ty FRBELE,
AFER, VFIMRTr IR RERL, 43IV
BRTERZVF L ANAIREL, 2OLEDBS S
RIDRASY TV TTHIETRREIELMNELT
Bo EBIO, BRIZVFAANNALEDI 25D H
A5y TV VT LI EPRREBEE/NSLTHORER)
THETLNWThol, ERXTF 7 /uVRYTCORE
ALNTWERF 7 ) uVEEOF L )% OEEY
WHTEETH Y, 72 /0 VHYT LEFOT LIV TH
VWA ETEEO DT H e BN CEIERI R, AR A%
TEETH 2, FUEAKCBNTEOPREAS{, &
BiAwhFEEEVZ S,

SHOBEELTRE, 29 X570 2B EEOE
REE, N—vxvasy 7y vy b FELORAR
REEHITOLNB,
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